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It is chaf-acteristic of the races of men that almost at the

dawn of reflection the first question that presses for solution is

this one of Life
;

life as manifested in men and in the animals

and plants around them. What and whence is it and w^hither

does it tend? Then the sky with its stars, the earth with its

sunshine and storm, light and darkness, stand out like great

mountain peaks demanding explanation. So in the life of every

human being, repeating the history of his race, as the evolution-

ists are so fond of saying, the fundamental questions are first to

obtrude themselves upon the growing intelligence. There is no
waiting, no delay for trifling with the simpler problems, the most
fundamental and most comprehensive come immediately to the

fore and alone seem worthy of consideration. But as age ad-

vances most men learn to ignore the fundamental questions and
to satisfy themselves with simpler and more secondary matters, as

if the great realities were all understood or non-existent. No
doubt to many a parent engaged in the affairs of society, politics,

finance, science or art, the questions that their children put,

like drawing aside a thick curtain, bring into view the funda-

mental questions, the great realities ; and we know again that

what is absorbing the power and attention of our mature intel-

lect, what perhaps in pride we feel a mastery over, are only sec-

ondary matters after all, and to the great questions of our own
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youth, repeated with such earnestness by our children, we must

confess with humiUty that we still have no certain answers. It

behooves us then, if the main questions of philosophy and science

cannot be answered at once, to attempt a more modest task, and

by studying the individual factors of the problem to hope ulti-

mately to put these together and thus gain some just compre-

hension of the entire problem.

This address is, therefore, to deal, not with life itself, but with

some of the processes or phenomena which accompany its mani-

festations.- But it is practically impossible to do fruitful work

according to the Baconian guide of piling observation on obser-

vation. This is very liable to be a dead mass, devoid of the

breath of life. It is a well-known fact that the author of the

Novum Organon, the key which Bacon supposed would serve as

the open-sesame of all difficulties and yield certain knowledge,

this potent key did not unlock many of the mysteries of science

for its inventor. Every truly scientific man since the world

began has recognized the necessity of accurate observation, and

no scientific principle has ever yet been discovered simply by

speculation ; but every one who has really unlocked any of the

mysteries of nature, has inspired, made alive his observations by

the imagination ; he has, as Tyndall so well put it, made a

scientific use of the imagination and created for himself what is

known as the " zvorking hypothesis y It must be confessed that

for some investigators the " hypothesis " becomes so dear that

if the facts of nature do not conform to the hypothesis, " so

much the worse for the facts." But for the truly scientific man,

the hypothesis is destined solely to enable him to get the facts of

nature in some definite order, an order which shall make appar-

ent their connection with the great order and harmony which is

believed to be present in the universe.

If the working hypothesis fails in any essential particular he is

ready to modify or discard it. For the truly inspired investi-

gator, one undoubted fact weighs more in the balance than a thou-

sand theories.

At the very threshold of any working hypothesis for the Biol-
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ogist, this question as to the nature of the energy we call life

must be considered. The great problem must receive some kind

of a hypothetical solution. What is its relation to the energies

of light, heat, electricity, chemism and the other forms discussed

by the physicist ? Are its complex manifestations due only to

these, or does it have a character and individuality of its own ?

If we accept the ordinarily received view of the evolution of our

solar system, the original fiery nebula in which heat reigned su-

preme, slowly dissipated part of its heat, and hurled into space

the planets, themselves flaming vapors, only the protons of the

solid planets. As the heat became further dissipated there ap-

peared in the cooling mass manifestations of chemical attraction,

compounds, at first gases, then liquids, and finally, on the cooling

planets, solids appeared. Lastly upon our own planet, the earth,

when the solid crust was formed and the temperature had fallen

below the boiling point of water, the seas were formed and then

Life appeared. Who could see, in the incandescent nebula, the

liciuids and solids of our planet and the play upon them of chem-

ism, of light, heat, electricity, cohesion, tension, and the other

manifestations so familiar to all ? And yet, who is there that for

a moment believes that aught of matter or energy was created in

the different stages of the evolution? They appeared or were

manifested just as soon as the conditions made it possible. So
it seems to me that the energy called Life manifested itself upon

this planet when the conditions made it possible, and it will cease

to manifest itself just as soon as the conditions become suffi-

ciently unfavorable. It was the last of the forms of energ}' to ap-

pear upon this planet and it will be the first to disappear.

In brief, it seems to me that the present state of physical and

physiological knowledge warrants the assumption, the working

hypothesis, that Life is a form of energy different from those con-

.^idered in the domain of physics and chemistry. This form of

energy is the last to appear, last because more conditions were

necessary for its manifestations. It, like the other forms of energy, •

requires a material vehicle through which to act, but the results

produced by it are vastK- more complex. Like the other ener-
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gies of nature it does not act alone. It acts with the energies of

the physicist, but as the master; and under its influence the mani-

festations pass infinitely beyond the point where for the ordinary

energies of nature it is written "thus far and no farther."

It can be stated without fear of refutation that every physiolog-

ical investigation shows with accumulating emphasis that the

manifestations oi living matter are not explicable with only the

forces of dead matter, and the more profound the knowledge of

the investigator the more certain is the testimony that the Life

energ}^ is not a mere name. And, strange to say, the physicist

and the chemist are most emphatic in declaring that life is an

energy outside their domain.

The statements of a chemist, a physicist and a biologist are

added. From the character and attainments of these men, their

testimony, given after years of the most earnest investigation and

reflection, is worthy of consideration:

—

When Liebig was asked if he believed that a leaf or a flower

could be formed or could grow by chemical forced, he answered:

"I would more readily believe that a book on chemistry or on

botany could grow out of dead matter by chemical processes."

"The influence of animal or vegetable life on matter is infin-

itely beyond the range of any scientific inquiry hitherto entered

on. Its power of directing the motions of moving particles, in

the demonstrated daily miracle of our human free will, and in the

growth of generation after generation of plants from a single seed,

are infinitely different from any possible result of the fortuitous

concourse of atoms; and the fortuitous concourse of atoms is the

sole foundation in philosophy on which can be founded the doc-

trine that it is impossible to derive mechanical effect from heat

otherwise than by taking heat from a body at a higher tempera-

ture, converting at most a definite proportion of it into mechan-
ical effect, and giving out the whole residue to matter at a lower

temperature."

—

Sir William Thomson (Lord Kelvin).

"The anagenetic [vital] energy transforms the face of nature by
its power of assimilating and recompounding inorganic matter,

and by its capacity for multiplying its indi\'iduals. In spite of
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the mechanical destructibility of its physical basis (protoplasm)

and the ease with which its mechanisms are destroyed, it success-

fully resists, controls and remodels the catagenetic [physical and

chemical] energies for its purpose."

—

Cope.

What, then, are the manifestations of the life energy ? and what

are the processes which are discernible ? All of us in whatever

walk of life will recognize the saying of Gould :
—" Now, when

one looks about him the plainest, largest fact he sees is that of

the distinction between living and lifeless things."

As life goes on and works with power where the unaided eye

fails to detect it, the microscope —marvelous product of the life

energy in the brain of man, shows some of these hidden proc-

esses. It has done for the infinitely httle on the earth what the

telescope has done for the infinitely great in the sky.

Let us commence with the little and the simple. If a drop of

water from an aquarium, stream or pool is put under the micro-

scope many things appear. It is a httle world that one looks

into, and like the greater one that meets our eye on the streets,

some things seem alive and some lifeless. As we look we shall

probably find, as in the great world, that the most showy is

liable in the end to be the least interesting. In the microscopic

world there will probably appear one or more small rounded

masses which are almost colorless. If one of these is watched,

lo ! it moves, not by walking or swimming, but by streaming

itself in the direction. First a slender or blunt knob appears,

then into it all of the rest of the mass moves, and thus it has

changed its position. If the observation is continued this living

speck, which is called an amoeba, will be seen to approach some

object and retreat, indeed, it comports itself as if sensitive, with

likes and dislikes. If any object suitable for food is met in its

wanderings the living substance flows around it, engulfs it and

dissolves the nutrient portions and turns them into its own living

substance
; the lifeless has been rendered alive. If the eye fol-

lows the speck of living matter, the marvels do not cease. After

it has grown to a certain size, as if by an invisible string, it con-

stricts itself in the middle and finally cuts itself in two. The
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original amreba is no more, in its place there are two. Thus

nearly at the bottom of the scale of life are manifested all of the

fundamental features —the living substance moves itself, takes

nourishment, digests it and changes non-living into living sub-

stance and increases in size ; it seems to feel and to avoid the dis-

, agreeable and choose the agreeable, and finally it performs the

miracle of reproducing its kind, of giving out its life and sub-

stance to form other beings, its offspring.

I<ccuiuv>-ion

A

Choice

•^fci:/.%^ J.- ,'^-^^m:.M. J- -.'• - ,t.

Nutrition

y^y.

Reproflurtioii

Fig 1. IIk' Ann.lm in itH various phases of activity— Locomotion,
TElJioice (in itability), Nutrition and Reproduction. The fisiues should be
read from left to riglit, a.s with words in a book, [p.) Pseudopod

;
(c.)

('rytital of substance distasteful to the amosba, hence the amceba withdraws
from it

; (/.) Fotwi inge.sted and digested by the anio-ba for its nourishment.
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The indigestible matter (iw.) is extruded from the body and left behind.

(« ) Nucleus. This is seen to divide first in reproduction, then the division

of the cell body is completed, thus giving rise to two individuals.*

It is the belief of many biologists that the larger and complex

forms even up to man himself may be considered an aggregation

of structural elements originally more or less like the amceba just

described; but instead of each member of the colony, each indi-

vidual itself carrying on all the processes of life independently, as

with the amteba, there is a division of labor. Some move, some

digest, some feel, think and choose, some give rise to new beings,

all change lifeless matter into their own living substance.

The processes and phenomena by which a new individual is

produced are included under the comprehensive term. Embry-

ology.

All organisms great or small are but developments of minute

germs budded off b)- the parent or parents, and the way in which

these minute beginnings develop into perfect forms like their par-

ents can only be followed by the aid of a microscope. Indeed in

no field of biology has the microscope done such signal service

in revealing the processes of life.

The method of the production of a new being with the amcjeba,

as we have just seen, is for the parent to give itself entire to its

offspring —the parent ceasing to be in producing its offspring.

With some other lowly forms a part of the body of the parent buds

out, grows and finally falls off as an independent organism, or re-

mains connected with the parent to form a colony. In the vege-

table world a familiar example of a colony is represented by the

plant that the children call "Old Hen and Chickens."

In the higher animals, however, where specialization has been

carried to its extreme limit, some myriads of cells forming the

body are set apart to produce motion, others digest food, still

others think, and feel, while comparatively few, the gei-ni cells

are destined for the continuation of the race. In the higher and

highest forms especially, all observation goes to show that the

life energy, not satisfied with the mere vitilization of matter and a

*The figures illustrating this address were drawn by Mrs. Gage.
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dead level of excellence, is aiming at perpetual ascent, greater

mastery over matter and its physical forces. For the more cer-

tain attainment of this end, the production of offspring is no

longer possible for one individual ; two wholly separate individ-

uals must join, each contributing its share of the living matter

which is to develop into a new being. In this way the accumu-

lated acquirements of two are united with the consequent

increase in the tendencies and impulses for modification, and

nearly double the protection for the offspring. Thus, in striking

contrast with the amoeba, where the single parent gives all of

itself to form offspring and in so doing disappears and loses its

identity, in the higher forms, while two must unite to form the

offspring, the parents remain and retain their individuality and

the ability to produce still other offspring. The process by

which this is accomplished may be traced step by step with the

microscope. A germ cell of the father and one of the mother fuse

together, and from this new procreative cell formed by the fusion

of two with all their possibilities combined, the new individual

arises. This certain knowledge is the result of the profound

investigation of the last few years and shows the literalness of the

scriptural statement, " they shall be one flesh."

After this fusion of the father and mother germ cells, the

single cell thus formed, like the amoeba, divides into two, and

these into four and so on, but unlike the amoeba all the cells

remain together. Within this celular mass, as if by an unseen

builder, the cells are deftly arranged in their place, some to form

brain, some heart, some the digestive tract, others for movement

;

.so that finally from the simple mass of cells, originally so alike,

arises the complex organism, fish or bird, beast or man. How
perfectly the word offspring describes the life process in the pro-

duction of this new being ! That the child should resemble both

father and mother is thus made intelligible, for it is a part of

both. Yes, further, it may resemble grandfather or great grand-

father or mother, for truly it is a part of them, their life con-

•served and continued. There is no new life, it is only a continu-

ation of tile old
: " Ovmc vivum ex vivo,'' all life from life. But
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Embryo

Heart

Fig. 2. Various phases in the reproduction of one of the higher animals.

In the upper series is shown the fusion of the father and mother germ-

cells, in the middle series appear some of the earlier phases of segmenta-

tion of the fertihzed ovum. The lower figure (modified from Marshall)

represents a medisection of an amphibian embryo sufficiently far advanced

to show that the original cells into which the ovum divided, have difl"er-

entiated and arranged themselves in such a manner as to form the

beginnings or protons of the great systems of organs —Brain, Enteron and

Heart.

O. Ovum, (n) Nucleus of the ovum. 5 This sign indicates that the ovum
is a mother or female germ-cell. Z. Zoosperm. t, Sign indicating that

the zoosperm is a father or male germ-cell. (/. p?i.) Female pronucleus,

(m. pn. ) Male pronucleus. These two pronuclei fuse and form the nucleus

of the true reproductive cell, the fertilized ovum. In the two figvires at

the right both signs (55) are used to indicate that both germ cells are rep-

resented in each figure. F. O. Fertilized Ovum. That is the true repro

ductive cell composed of a father or male, and a mother or female germ-

cell fused. The steps of the fusion are shown in the upper series.

s. n. Segmentation nucleus. 2 e. s. Two-cell stage, that is the fertilized
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ovum has divided once forming two (compare the reproduction of the

amoeba). 4 c. s. Four-cell stage ; bl. blastula stage in which the fertilized

ovum has divided into very many cells, all remaining together.

Embryo. The division of the ovum has proceeded very far, and the

cells have begun to diflferentiate and form organs. Brain, ch. Body axis

or notochord, Enteron or alimentary canal and Heart.

the demonstration of thi.s prime fact required a microscope, and

it is an achievement of the last half of this century. How
counter this statement still is to the common belief of mankind

we may perhaps better appreciate if we recall our own youth,

and remember with what absolute confidence we expected the

stray horse hairs we had collected and placed in water to turn

into living snakes.* The belief that it is an every-day occurrence

for living beings to arise from lifeless matter was not by any

means confined to those uneducated in biology. It was held by

many scientific men within the memory of most of us. Indeed

this goblin of sponta)ieous generation, even for the scientific world,

has been laid low so recently that the smoke of battle has

scarcely yet cleared from the horizon.

In the complex body of animals, as stated above, the constitu-

ent elements perform different functions. Is there any hint of the

way in which the action is accomplished ? Let us glance at two

.systems, the nervous and the glandular, widely different in struct-

ure and function. All know how constantly the glands are

called into requisition, the salivary glands for saliva, those of the

stomach and the pancreas for their digestive juices, etc. If we
take now the pancreas as an example, and that of a living, fast-

•'Reference is here made to the nematoid worm Oordius. This worm
lives a part of its life as a parasite in the larvae of aquatic insects and in

some fish. In the adult free condition it differs markedly from the larval,

parasitic stage, and is very slender and much elongated, often reaching a
length of 20 to 'AO centimeters («to lO inches), and has the general appearance
of a coarse hair like that from the tail of a horse. It lives in water and in

wet places and frequently appears in horse trouglis and the wet places

where tlie trougli o\erflows. From the hair-like appearance it was and
fttill is believed tliat a hair fioni the horse's tail or mane had directly trans-

formed into a living creature. By many persons it is called a hair-snake,
l»y others a liair-worm. Often one or several become tangled in an al-

most inextricable knot, whence the name from tlie famous "Cfordiav Knot."
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ing animal is put under the microscope so that its constituent

cells can be observed, it will be seen that they are clouded, their

outlines and that of their nuclei being vague and indistinct.

The cell is apparently full of coarse grains. If now the animal is

fed, as the digestion proceeds the pancreas pours out its juice.

At the same time the granules, and with them the cloudiness,

gradually disappear, the cells become clear and both they and their

nuclei are sharply outlined. That is, the substance which is to

form the pancreatic juice is stored in the cells in the form of

granules during the periods of rest, and held until the digestive

agent is demanded, and if the demand is great all the granules

may be used up. But as soon as the demand ceases the cells

begin again their special vital action and again the granules begin

to appear and increase in number until finally the cells become so

full that they are fully charged and again ready to pour forth the

digestive fluid. This is a daily, almost an hourly process.

Let us take another example in which it would almo.st appear

that there is organic memory on the part of the gland cells.

No doubt all have seen the clear jelly-like masses surrounding

the eggs of frogs and salamanders. Whence comes this jelly

that is so resistent to the agents that work so quickly the de-

struction of ordinar)^ organic matter ? As spring advances the cells

of the oviduct increase enormously in size. The microscope

shows this increase to be due to a multitude of clear granules.

As the eggs move along, the ova are coated with the jelly formed

from the granules given out by the cells. As this material for

the jelly is poured out the cells gradually shrink to their original

size and then wait another twelve months before doing their des-

tined work.

If one can thus catch a glimpse of some of the finer processes

taking place in gland action, how is it with nervous action, the

highest function of which living matter is capable ? While it

has been known for a long time that the nervous system is the

organ of thought and feeling and the director and co-ordinator of

the motions of the body, and many speculations had been made

concerning the processes through which the nervous tissue passes
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Charged Discharging Discharged ^.

Fig. 3. Sections of a gland in various phases of activity. The upper
series represents the ghind as in longisection or lengthwise and the lower
series in transection or cut across. In the longisections, (Z) in the right

hand figure represents the cavity or lumen of the gland into which the
se(;reti<ni of the gland is poured. The arrows at the top represent the direc-

tion taken by the secretion when it is poured out.

In the lower right hand figure, (?) represents the lumen, («) the nucleus
of one of the cells, and {d. h.) the cell body of the same cell. The words
Charged, Discharging and Discharged designate the various phases of the
gland activity. The process of becoming recharged is not shown.

in ijerformirif,^ its functions, it was left to an American student,

Dr. Hodjre, to first successfully show that there were visible

changes through which the nervous system passes in its work.



AMERICANMICROSCOPICALSOCIETY. 15

The question is, can the activity of the nervous system be traced

as surely by changes occurring in the Hving matter forming its

basis, as the action of a gland can be seen by the study of the

gland cells ?

The demonstration is simple now that the method has been

shown. No doubt everyone has had the experience of failing to

perform some difficult muscular action at one time and then at

another of doing it with ease, or of finding true the reverse of

the adage, " practice makes perfect." For example, in a trial of

skill, as in learning to ride a bicycle, all the complicated action

may be performed with considerable ease and certainty at the

beginning of a lesson, when one is fresh, but as the practice con-

tinues the results become progressively less and less successful,

and finally with increasing weariness there is only failure, and one

must rest. We say the muscles are tired ; this is true in part,

but of much greater importance is the fatigue of the nervous

system, as this furnishes the impulses for the action and co-

ordination of the muscles. Now, as muscular action can be

seen and the amount can be carefully controlled, here was

an exact indicator of the time and amount of the nervous

activity. Furthermore, as animals have two similar sides, one

arm or leg may work and the other remain at rest, and con-

sequently corresponding sides of the nervous system may be

active and at rest. By means of electrical irritation one arm

of a cat or other animal was caused to move vigorously for

a considerable time, the other arm remaining at rest. Then the

two sides of the nervous system, that is, the pairs of nerves to

the arms with their ganglia and a segment of the myel (spinal

cord) were removed and treated with fixing agents, and carried

through all the processes necessary to get thin sections capable

of accurate study with the microscope. Finally upon the same
glass slide are parts of the nervous system fatigued even to ex-

haustion, and corresponding parts of the same animal which had

been at rest. Certainly if the nervous substance shows the re-

sult or processes of its action the conditions are here perfect.

Fatigued nerve cells are side by side with those in a state of rest.
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The appearances are clear and unmistakable ; the nucleus has

markedly decreased in size in the fatigued cells and possesses a

jagged, irregular outline in place of the smooth, rounded form of

the resting cells. The cell substance is shrunken in size and

possesses clear scattered spaces, or a large clear space around

the nucleus.

Cat

Fatigue

Rest

Honey Bee

Rest Fatigue
I'ig. 4. Figures from Hodge (Jour. Morphology, Vol. VII.), showing

<lianges in the nerve cells of the spinal ganglia, in the cat and of the brain
in the honeybee. The words Rest and Fatigue indicate the appearance of
the cells in these two conditions, {n) Nucleus, (c^ h.\ cell body, and (c. s.)

<Iear Bjjace around thf shrunki'ii nucleus in the fatigued cells.
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If the nervous substance was not fixed at once but remained in

the hving animal for 12 to 24 hours in a state of repose, the signs

of exhaustion disappeared and the two sides appeared aHke. By

studying preparations made after various periods of repose all the

stages of recovery from exhaustion could be followed.

For possible changes in normal fatigue, sparrows, pigeons and

swallows and also honey-bees were used. For example, if two

sparrows or two honey-bees as nearly alike as possible were se-

lected, the nervous system of one being fixed in the morning after

the night's rest and that of the other after a day of toil, the changes

in the cells of the brain of the honey-bee or sparrow and in the

spinal ganglia of the sparrow were as marked as in case of artifi-

cial fatigue. After prolonged rest, then, the nerve cells are, so to

speak, charged, they are full and ready for labor, but after a hard

day's work they are discharged, shrunken and exhausted.

There is one more step in this brilliant investigation. If in the

morning, after sleep and rest, animals and men are full of vigor,

and in the evening are weary and exhausted, how like is it to the

beginning and end of life ? In youth so overflowing with vigor

that to move, to act, is pleasure and continued rest a pain ; but

in the evening of life a warm corner and repose are what we try

to furnish those whose work is done. How is this correlated in

the cells of the nervous system with the states of rest and fatigue ?

With a well-nourished child which died from one of the accidents

of birth the nerve cells showed all the characters of cells at rest

and fully charged. In a man dying naturally of old age the cells

showed the shrunken nuclei and all the appearances of exhaust-

ing fatigue. In the one was the potentiality of a life of vigorous

action, the other showed, \\i& final fatigue; the store of life energy

had been dissipated and there was no recovery possible.

For the animals that possess an undoubted nervous system,

probably all would admit that there is some sort of nerv^ous action

corresponding to sensation; but what of living matter in the hum-

bler forms where no nervous system can be found ? That these

have vital motion, that they breathe, nourish themselves, grow

and produce offspring none can deny. Do they have anything
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comparable with sensation? As most of the lowest forms are

minute, the microscope comes to our aid again, and in watching

these lowliest living beings, it is found that they discriminate and

choose, going freely into some portions of their liquid world and

withdrawing from other portions. If some drug which is unusal

or we must believe disagreeable is added to a part of the water,

they withdraw from that part. It seems to have the same effect

as disagreeable odors on men and animals. On the other hand

there are substances which attract and into the water containing

these they enter with eagerness. Strange is it, too, that, as proved

by experiment, if an unattractive substance is used and also one

on the other side that has been found still more unattractive, the

less disagreeable is selected, the less of the two evils is

chosen.

As man, the horse, dog and many other animals adapt them-

selves gradually to temperatures either very cold or very warm,

and that, too, by a change in their heat-regulating power rather

than by a change of hairy or other clothing, so these lowly or-

ganisms are found in nature in water at temperatures from near

freezing up to 60 or 80 degrees centigrade, a point approaching

that of boiling water. It may be answered that each was created

for its place, but by means of a microscope and a delicate ther-

mostat, to be certain of every step and to see all the results, Dr.

Dallinger, through a period of seven years, accustomed the same

unicellular organism and its progeny to variations of temperature

from I 5 to 20 degrees centigrade, /. e., about the temperature of a

comfortable sitting-room, up to 70 C. For those at the cooler

temperature it was death to increase rapidly the heat 10 degrees,

and for those at the higher temperature it was equally fatal to

lower it to the original temperature of 15 to 20 degrees. These

examples seem to show that it is one of the fundamental char-

acteristics of living substance, wdiether in complex or simple

f )rms, to adapt itself to its environment.

There is another fact in nature that the microscope has revealed

and that fills the contcmplati\e mind with wonder and an aspira-

tion to .sec a little farther into the living substance and so per-
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chance discover the hidden springs of action. This fact may be

called cellular altruism. In human society the philanthropist and

soldier are ready at any time to sacrifice themselves for the race

or the nation. With the animals, the guards of the flock or

herd are equally ready to die in its defense.

So within each of the higher organisms the microscope has

shown a guarding host, the leucocytes or white-blood corpuscles.

The brilliant discoveries in the processes, of life with higher forms

have shown that not only is there a struggle for existence with

dead nature and against forms as large or larger than themselves,

but each organism is liable to be undermined by living forms,

animal and vegetable, infinitely smaller than themselves, insig-

nificant and in.siduous, but deadly. Now to guard the body
against these living particles and the particles of dust that would

tend to clog the system there is a vast army of amosba-like cells,

the leucocytes, that go wherever the body is attacked and do

battle. If the guards succeed the organism lives and flourishes,

otherwise it dies or becomes weakened and hampered. This

much was common scientific property three years ago, when one

of our members (Miss Edith J, Claypole) came to my laboratoiy

for advanced work. I discussed with her what has just been

given and told her that there still remained to be solved the

problem, what becomes of the clogging or deleterious 'material

which the leucocytes have taken up ? These body guards are, after

all, a part of the organism, and for them simply to engulf the

material would not rid the body entirely of it, and finally an in-

evitable clogging of the system would result. The problem is

simple and definite
; what becomes of the deleterious substances,

bacteria and dust particles that get into the body and become
engulfed by the leucocytes ? Fortunately, for the solution of

this problem, in our beautiful Cayuga Lake, there is an animal,

the Necturus, with external gills through which the blood cir-

culates for its purification. So thin and transparent is the cover-

ing tissue in these gills that one can see into the blood stream

almost as easily as if it were uncovered. Every solid constituent

of the blood, whether red corpuscle, white corpuscle, microbe or
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particle of dust, can be seen almost as clearly as if mounted on

a microscopic slide.

Into the veins of this animal was injected some lampblack

mixed with water, a little gum arable and ordinary salt, an

entirely non-poisonous mixture. Thousands of particles of car-

bon were thus introduced into the blood and could be seen circu-

lating with it through the transparent gills. True to their duty

the white corpuscles in a day or two engulfed the carbon par-

ticles, but for several days more the leucocytes could be seen cir-

culating with the blood stream and carrying their load of coal

with them. Gradually the carbon-laden corpuscles disappeared

and only the ordinary carbon-free ones remained. Where had

the carbon been left ? Had it been simply deposited somewhere

in the system ? The tissues were fixed and serial sections made.

The natural pigment was bleached with hydrogen dioxid so that

if any carbon was present it would show unmistakably. With

the exception of the spleen no carbon appeared in the tissues, but

in many places the carbon-laden leucocytes \\ere found. In

mucous cavities and on mucous surfaces and on the surface of the

skin were many of them ; in the walls of organs were many more

apparently on their way to the surface with their load
; that is

the carbon is actually carried out of the tissues upon the free sur-

faces of the skin and mucous membranes where, being outside of

the body, it could no more interfere in any way with it. But

what is the fate of the leucocytes that carry the lampblack

out of the tissues? They carry their load out and free the body,

but they themselves perish. They sacrifice themselves for the

rest of the body as surely as ever did soldier or philanthropist

for the betterment or the preservation of the .state.

Thus I have tried to sketch in briefest outline some of the phe-

nomena or processes of life revealed by the microscope. Most
of those discussed have come under my own personal observa-

tion and are therefore to me particularly real and instructive.

Hut to every one long familiar with the microscope and with the

htcratu re of biology many other examples will occur, some of

them even more striking. The discu.ssion has been confined to
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Emigrating

Fig. 5. These figures represent various steps in the removal of foreign

matter from the blood of Necturus.

Gill Filament of Necturus. Part of a single gill filament greatly magni-

fied to show the blood vessels containing the red blood corpuscles (r. he.)

and the leucocytes [I.) or white-blood corpuscles. The black dots (c.) within

the blood vessels represent carbon particles which had been injected into

the veins. In many of the leucocytes are several carbon particles, there are

also several shown free in the blood plasma, (g. t. ) The tissue of the gill

filament between the blood vessels.

Leucocytes Emigrating. This, the lower figure, represents a section of

the skin with its covering epithelium {ep.) and the corium [cor.) or true

skin. The leucocytes containing cai'bon particles (c.) are seen in the corium

and penetrating the epithelium and finally free outside the epithelium.

The arrows indicate that the leucocytes emigrate from the body through

the corium and the epithelium, and finally into the space outside the

epithelium.



2 2 PROCEEDINGSOF THE

the above also because it seems to me to show with great clear-

ness the way in which we can justifiably hope to do fruitful work

in the future. This sure way, it seems to me, is the study of

structure and function together ; the function or activity serving

as a clue and stimulus to the investigator for finding the mechan-

ism through which function is manifested and thus give due sig-

nificance to structural details which, without the hint from the

function, might pass unnoticed.

This kind of microscopical study may be well designated as

Physiological Histology. It is in sharp contrast with ordi-

nary histology in which too often the investigator knows

nothing of the age, state of digestion or of fasting, nervous activ-

ity, rest or exhaustion. Indeed, in many cases it is a source of

congratulation if he knows even the name of the animal from

which the tissue is derived. Such haphazard observation has not

in the past, and is not likely in the future to lead to splendid

results. If structure, as I most firmly believe, is the material

expression of function and the sole purpose of the structure is to

form the vehicle of some physiological action, then the structure

can be truly understood only when studied in action or fixed and

studied in the various phases of action.

Indeed if one looks only for form or morphology in the study

of histology the very pith and marrow is more than likely to be

lost.*

For example, if one wished to study the comparative histology

*Although in a ditferent field, the words of Osbom in discussing the un-
known factors of evohition are so pertinent that they may well be quoted:

"My last word is, that we are entering the threshold of the Evolution

l)robIem, instead of standing within the portals. The hardest task lies be-

fore us, not behind us. Weare far from finally testing or dismissing these

old factors [of evolution] , but the reaction from speculation upon tfhem is

in itself a silent admission that we must reach out for some unknown
quantity. If such does exist there is little hope that we shall discover it

excejit by tlie most laborious research ; and while we may predict that con-

clusive evidence of its existence will be found in niorpliology, it is safe to

add that the fortunate discoverer will be a physiologist" [armed with a mi-
croscope]. I would like to add the last four words. S. H. G. Am. Nat.,

May, 1895.
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of the pancreas and were to take pieces from various animals to

be compared without regard to their condition of fasting or di-

gestion, he might find the coarser anatomical peculiarities in each.

In all probability he would also find two distinct structural types.

One type with clearly-defined cells and nuclei, the other with the

cells clouded, filled with granules and with the outlines of cells

and their nuclei almost indiscernible. Between these there might

be various gradations in the different forms. And yet, from

what has been stated above it is plain that all these different

structural appearances represent phases of activity, and all might

have come from the self-same animal. In like manner, if certain

parts of the nervous system were to be studied comparatively and

the tissue taken from one animal after refreshing sleep and rest,

from another after exhausting labor, another in infancy and another

from an animal decrepit with years, the difference in general ap-

pearance and in structural details would be striking enough to

satisfy any morphologist that, as with the structure of the pan-

creatic cells, there were two or more distinct types; but the physiol-

ogical histologist would recognize at once that the differences so

much insisted upon represented different phases of activity, and,

as with the pancreatic cells, might be all represented in the same

animal at different times.

I would be far from saying that there are no structural differ-

ences in the different animals independent of any particular phase

of functional activity ; but if these only are sought and the others

neglected the physiological appearances will often obtrude and

confuse if they do not utterly confound.

I have, therefore, for the last 10 years urged my students, and

mean to go on advocating with all the earnestness of which I am
capable, that" in studying an organism or its tissues, the investi-

gator, to gain certain knowledge, must know all that it is possible

to learn concerning the age, health, state of nervous, muscular,

and digestive activity ; in fact, all that it is possible to find out

about the processes of life that are going on and ha\'e gone on

when the study is made.

There are some microscopic forms in which the entire study
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can be made while the creature is alive. With the higher organ-

isms, also, some of the living elements, as the white-blood cor-

puscles and ciliated cells, can be studied, and their various actions

and structural changes observed for a considerable time.

The white-blood corpuscles or leucocytes resemble the amoeba

very closely in their actions and powers, as we have seen in (dis-

cussing the way in which the body is freed from foreign particles.

The ciliated cells are among the most striking of all the constitu-

ent elements of the body. One end is fixed firmly to the tissues,

the sides are in contact with their fellow cells, but the other end

is free and bears great numbers of hair-like processes, the cilia,

which project freely into some cavity or upon some surface.

What histologist would be able for a moment to suggest the power

of these hair-like processes if he studied the dead cells alone ?

Yet the moment these cells are studied alive under the micro-

scope it is seen that for the service of the body all the powers of

these cells are concentrated into one, that of motion, and all the mo-

tion is manifested by the little cilia. These sweep with almost

incredible rapidity in one direction and more slowly on their re-

turn, thus producing a current in the direction of most rapid mo-

tion. This motion with the resulting current ceases only with

life. Each individual cilium is weakness itself, but with their com-

bined action the untold millions covering the cells, in the air pass-

ages for example, make a strong current in the liquid covering

them. This current is from the interior of the lungs toward the

throat and carries along with it particles of dust inhaled into the

lungs. In this way the delicate breathing organs are swept clean

and left unincumbered for their work of receiving oxygen and get-

ting rid of carbon dioxide.

If now one puts under the microscope some cells from the small

intestine of almost any animal from the lamprey eel to man, the

cells appear almost identical with those just described. The end

projecting to the free surface of the intestine seems to have a sim-

ilar brush of fine hairs, with a clear line along their base. If a

striated and a dead ciliated cell are under the same microscope

side by .side it is almost impossible to distinguish them. Indeed
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Absorbing Epithelium \J,

Fig. 6. Figures showing the similarity in appearance of the absorbing

epithelium of the intestine and of a ciliated epithelium. The free ends of

the cells point upward toward the top of the page and the attached ends to-

ward the bottom of the page, {cilia). The minute hair-like processes project-

ing from the free end of the cells and constantly swinging rapidly in one

direction and returning less rapidly to the starting point. In this way a

current is made in the direction of the most rapid motion (indicated by the

arrow). At the base of the cilia is a clear plate or segment (c. s.)

In the absorbing epithelium the segment appearing like the cilia is called

the striated border or segment (.5^. h. ) and rests on a clear segment (e. s.

)

comparable with that on which the cilia rest. In the absorbing epithelium

food particles (/.)are represented as passing through the cell from the free

end toward the base, as indicated by the arrow.

so difficult is it that those from the intestine have been described

as cihated more than once. If both cells are living no one could

confuse them. The striated end of one is motionless, the lines or

cilia of the other are in constant motion. One serves for produc-
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ino- currents, always in the same direction, the other is for the pur-

pose of absorbing and passing into the tissues the products of di-

gestion. One is a moving the other an absorbing cell.

Most of the tissue elements of the higher forms cannot be thus

studied alive, however, and the best that can be done is to fix the

different phases of action, as by a series of instantaneous photo-

graphs, then with a kind of mental kinetoscope put these together

and try to comprehend the whole cycle.

Fortunately for the histologist the incessant experimentation

of the last twenty- five years has brought to knov. ledge chemical

substances which do for the tissues the wonder that was ascribed

to the mythical Gorgon's Head, —to kill instantly and to harden

into changeless permanence all that gazed upon it. So the

tissues may be fixed in any phase and then studied at length.

If then the investigator observes and keeps record of every point

that may have an influence on the structural appearances, whether

shown by experience or suggested by insight, and this rec-

ord always accompanies the specimen, thus and thus only, it

seems to me, can he feel confident that he is liable to gain real

knowledge from the study, knowledge that represents actuality

and which will serve as the basis for a nev/er and more complete

unraveling of the intricacies of structure, an approximate insight

into the mechanism through which the life energy manifests

itself

And so, with all the light that jjlu'sics and chemistry can give,

commencing with the simplest problems and being careful that

ever)' factor that can influence the result is being duly considered,

the microscopist can go forwai d with enthusiasm and with hope,

not with the hope that the great central question can be answered

in one generation, perhaps not in a thousand, but confident that

if each one adds his little to the certain knowledge of the world,

then in the fullness of time the knowledge of living sul)stance and
the life i)rocesses will be so full and deep that what Life Is,

ihnu'jh iin.insvvcn-d, may cease to be tlie supreme question.
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